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Based on this data the use of the PSP method in the software industry is discussed.
Introduction
In the past 15 years a number of software process improvement (SPI) methods have been introduced.
While positive results have been obtained, many of the SPI initiatives fall short of their expectations. In fact, organisations are struggling even in the simplest metrics programs [1] . A realisation that software process is a learning process [e.g., 2] has brought the attention to people-centred process improvement approaches [3] . Thus the emphasis is set on the abilities and competence of the development personnel.
One of the most prominent approaches for the competence development is the personal software process (PSP) method developed by Humphrey [4] .
However, only a limited number of the research efforts concerning the PSP are documented.
Moreover, software engineering textbooks provide a variety of practical methods to be used in industry.
While software professionals seek rational basis for making a decision which method they should adopt, This is the author's version of the work. Copyright owner's version can be accessed https://doi.org/10.1109/EURMIC.2002.1046223.
the basis for such a rationalization is completely missing. Methods introduced continue be based more on faith than on an empirical data [5] . There is no quick solution to the problem described. Fenton [5] suggested that only by contributing gradually to the empirical body of knowledge within the specific area of application are we as researchers able to test the basic software engineering hypotheses made.
Our principal aim, therefore, is to contribute to the empirical body of knowledge within the area of software engineering and in specific within the area of personal competence development.
The data for this study is obtained from a PSP course held in Copenhagen Business School, Denmark in fall 2001. Research [6, 7] has shown that students are valid representatives for practitioners in industry. We thus believe that this gives valuable insights into the effect of the PSP in general. The results indicate an improvement in the effort estimation skills and a significant increase in the resulting product quality in terms of reduced total defect density. The data shows that with relatively small effort (i.e., 10%) used in defect prevention activities (i.e., design and code reviews) almost one third of all defects were removed and consequently the time required for the testing was cut by 50%.
The paper is organized as follows. The following section provides an overview of the PSP method. This is followed by an introduction to the research setting. The results are presented in section 4 and discussed subsequently in section 5. The paper is concluded with final remarks.
Overview of the PSP
The PSP was developed by Watts Humphrey [4] to extend the improvement process from an 
Research setting
The PSP data presented in this paper is collected Table 2 . The data used in the study By pooling the data in logically coherent setssuch as the major PSP levels -the analytical validity of the analysis is increased. Thus, the first three programming assignments belong to the PSP0-level, the next two assignments belong to the PSP1-level, and finally the last three assignments belong to the PSP2/PSP3 -level. 
Product quality
The PSP method emphasizes the role of early defect removal as a cost-effective way to increase the quality of the resulting product. Design and code reviews are the main techniques introduced. Hayes and Over found [11] that the overall defect density was reduced by a factor of 1.5. Figure 3 shows the development of overall defect density over the three main PSP phases.
The data shows that the median was reduced from 67 (PSP0 level) to 48 (PSP2/PSP3 level) defects/KLOC. This indicates an improvement by a factor of 1.4. Similarly, defects found in the test phase were reduced from 10 to 5 defects/KLOC indicating an improvement by a factor of 2.1. Table 3 shows the total number of defects removed in each Table 3 . The number and % of defects removed
The defect data shows no change in defect removal profile between the first two PSP levels. The use of design and code reviews decrease the % of defects removed in both the implementation (i.e., code and compile) and in the test phase.
Effort distribution
The PSP method guides the development of Now I can't understand why I thought that it was difficult to begin with."
The PSP method is claimed to enable a software engineer to gain control over the process and then to improve it in a systematic way. It was found that the PSP enables the students to identify the targets for improvement rather efficiently, and, more importantly, the students are able to provide different proposals on how to solve the problem. which is the source for the most long-standing improvements.
